Background: Patients admitted to ICU are susceptible to different complications, such as extremities edema. Proper nursing intervention is one of the important aspects of ICU patient's care. Objectives: The aim of this study was to determine the effects of hand elevation to reduce hand edema and intravenous volume of ICU patients.
Background
Edema is an abnormal accumulation of fluid in the interstitium, which are locations beneath the skin or in one or more body cavities (1, 2) . Swelling is seen clearly when about 2.5 -3 L is accumulated in the interstitium space (3) locally or generally (4) . Usually, accumulated fluid is removed by the lymphatic system and discharged into the veins, but in cases which edema is too much for the lymphatic drainage system, the fluid remains in the interstitium space (5) . Generally, there are four main reasons for edema: decreased plasma oncotic pressure, increased plasma hydrostatic pressure, increased vascular permeability and decreased lymphatic drainage (4, 6) . Decreased plasma oncotic pressure in ICU patients could result from undernourishment after surgery, burning, head injury, liver diseases (3, 4) or excessive proteinuria (3, 6) . Capillary hydrostatic pressure increases with raising of intravenous pressure, in some situations such as: volume overload and veins obstruction (3) . Increased permeability of the vessels in generalized inflammations could cause local or general edema. In fact, permeability of capillary system increases in injured areas, then proteins easily enter the interstitium space creating an osmotic pressure absorbing fluid. In addition, permeability of capillary system increases in ischemic and infectious disorders due to the release of inflammatory cytokines. According to what described before about the different causes of edema, the disorder could affect different parts of body, as Giodis mentioned that hand edema, is a recurrent disorder after trauma or surgery followed by complications such as pain (7), change in range of motion and dryness of the hand joints, limitation of the kinetic domain and atrophy (8) . Moreover, edema impairs the movement of nutrients and waste products between blood capillaries and cells (1, 9) , which could expose the patient to secondary complications such as infection, delay in wound healing, cellular damages (6) and pressure ulcers due to reduction of lymphatic drainage (10) . Medical and nonmedical modalities are used to treat edema. Medical treatments as diuretics, improve symptoms of edema, but could induce renal failure and decrease the blood supply to the tissues, due to reduction of intravascular volume (3) . Nonmedical treatments include active and passive exercises, cryotherapy and diathermy, low-voltage electric stimulation, massage and different methods creating external pressure (1) . One of the suggested methods for reducing patients' hand edema after surgery, trauma and hand paralysis is elevating the upper limb (6) . In this method the hand is elevated higher than elbow, and elbow higher than shoulder (8) . The limb is elevated higher than the heart level and this could reduce the intravenous pressure by the gravity; following which the filtration pressure of the capillaries is also reduced (1). Kawasaki et al. conducted a study with the goal of evaluating the different positions on lower limb blood circulation and edema. They concluded that in sitting position and appropriate leg position, skin perfusion pressure was increased significantly compared with other positions in both healthy adults and critical patients. These results suggest that sitting position is effective to keep an appropriate blood stream of lower limbs not only in healthy adults but also in patients with critical limb ischemia (11) . Therefore, it seems that limb elevation could be effective to prevent and reduce limb edema. A study was conducted to compare the effects of limb elevation with and without using the pneumatic massage system on reducing foot edema, in patients with knee sprain. This study showed that both methods reduced the patients' edema, but their combination was more effective (12) . Whereas in another study, elevating the hand and arm had no significant effect on reducing patients' hand edema (13).
Objectives
Considering the prevalence of limb edema in ICU and its complications that could impose high expenses on patients' family and healthcare system, and inconsistency of existing results, we conducted this research to evaluate the effect of upper limb elevation on limb edema and central venous pressure in patients admitted to ICU.
Patients and Methods
This was a one-way blind clinical experimental study conducted on ICU patients of Shahid Bahonar hospital (affiliated to Kerman university of medical sciences). The study was approved in the ethical committee of the research administration of Kerman medical university (code of K/92/179). This research was registered in the international center of Iranian registry of clinical trials (with the code of 201307155426N6). The Sample volume was determined 40 subjects considering the first type error of 5% (% = α5) and the test power of %80 (1-β-%80) according to the study of Bagheri et al. Data gathering tool was a questionnaire consisting of three parts as demographic information, information about the disease and the template for recording the degree of edema. We randomly chose the hand to be kept elevated. The inclusion criterion was all patients with severe head injury (GCS < 8) and upper limb pitting edema (according to the scale of the Guelph General Hospital Congestive Heart Failure Pathway). The exclusion criteria were deep venous thrombosis of the upper limb, soft tissue injury, broken bone or infection in the understudy limb, placement of central venous catheter in the subclavian vein of the same side, mastectomy, chronic heart failure, liver and renal disease, hypothyroidism and increased level of consciousness (GCS > 8) before the completion of the study (5 days). After selection of patients, upper limb edema was assessed and recorded according to the scale of pitting edema. The size of the wrist and the midsection of the patients' arm were measured by a tapeline, and in the next step, the patient's hand was fixed on a 30-degree inclined plane for 30 minutes with the patient in supine position. We used tapeline measure and inclined plane after acquiring standard certification from the Sepehr Laboratory in Tehran (standard code 92S3144 for the tape measure and the standard code 92S03143 for the inclined plane). On the other hand, before any intervention, the patient's central venous pressure (CPV) was measured and recorded by a skillful ICU nurse who was blind to hand elevation. This was performed for every patient during five consecutive days and in each session before and after doing the intervention, the CVP, wrist and the midsection of the arm size and edema were measured and recorded. Maintenance fluid was only perfused during the study, so that it could not affect CVP. During each session, capillary filling and skin integrity were evaluated by the researcher. For five sessions, the routine care and daily physiotherapy of the upper limbs were performed for all patients. To meet the ethical principles, written subscriptions were obtained. It was explained that there was no obligation for participating in the study. After gathering data, the information was analyzed using SPSS ver. 21 (IBM Company, USA) and the central indices and distribution of demographic variables were determined. To evaluate the association between limb elevation and CVP change, the wrist and arm edema, the Wilkakson test was used (we calculated the average amounts of CVP and wrist and arm edema before and after five consecutive days intervention and then their average values were compared). To evaluate the association between reduction of the upper limb edema and other variables (such as gender, GCS, etc.), Man Whitney, Kruskal Wallace tests and Spearman coefficient were used.
Results
Of 40 patients, 32 (80%) were male, and 8 (20%) were female with the mean age of 46.2 ± 21.3. In total, 27.5% had first-degree edema, 52.5% second degree, and 20% third degree. regarding the level of consciousness, the least GCS was equal to 3 and the most was 8 (with the mean of 5 ± 1.8). The minimum acute physiological status and chronic health score (APACHEII) was 40 and the maximum was 91 (with the mean of 62.1 ± 10.22). The minimum time of hospitalization was three days before en-tering the study and the maximum was 100 days (17.5 ± 20.9). In addition, the minimum level of serum albumin was 2.1 mg/dL and the maximum was 4.8 mg/dL (with the mean of 3.92 ± 0.52). Data analysis indicated that in all of the sessions after elevating the upper limb, the patients' CVP was significantly increased and the average wrist and arm edema were decreased (P < 0.05), which is presented in Table 1 . According to this study, there was no significant association between decrease in wrist and arm edema and demographic variables such as age, duration of hospitalization, level of serum albumin and the APACHE II (acute physiology, age and chronic health evaluation score) score. Whereas, there was a significant association between gender and decreased arm edema; the amount of decrease in women was more than men (P = 0.04), but there was no meaningful difference between men and women regarding wrist edema (P = 0.52). A significant association was observed between decrease in wrist edema and GCS (P = 0.02) (patients with more GCS showed more decreasing of wrist edema), but this association was not meaningful for arm edema (P = 0.76). The results were reported in the Tables 2 and 3 . 
Discussion
Upper limb elevation for 30 degrees increased CVP and reduced edema significantly. Extremity edema is a common problem in ICU patients leading to many complications such as pressure ulcer, reduced range of motion of joints, and some others.
Kawasaki et al. found that the circulation of lower limbs is better in hanged positions (in a lower level than heart), but staying for a long time in this position causes venous congestion, edema and delayed wound healing (11) . Our study indicated that 30-degree elevation of upper limb could reduce the interstitium fluid and edema. As our study, Tsang et al. in a survey concluded that both lower limb elevation and using pneumatic compression system, can reduce foot edema but the elevating method was more effective than pneumatic compression system (12) . There are some studies contrary to our results. For example, Fagan et al. conducted a study to evaluate the effects of upper limb elevation on patients' hand edema after carpal tunnel syndrome surgery and showed that limb elevation has no effects on reducing the hand edema (13) . The difference between our results and Fagan et al. may be due different causes of edema. Patients in Fagan et al. study had limb soft tissue damages due to surgery but in our study the most common cause of edema was accumulation of excessive fluid in interstitium. In the recent years, some studies were conducted to evaluate the effect of gravity on limb edema. Boland RA and et al. conducted a study to compare three ways of hand elevation on reduction of hand edema; 30-degree angle, horizontal elevation, and 30-degree head of the bed elevation. they concluded that 30-degree elevation of upper limb is more effective than the other two methods (14) , which is consistent with our results, but they used volumetric device to evaluate the edema and we could not use it because our patients were in coma state. Furthermore, Baker et al. conducted a research to evaluate the effect of limb effect on edema after fasciotomy operation. They concluded that although hand edema was reduced in the group receiving this intervention, but there was no significant difference between the two groups (15) . However in this research, they elevated the hand only once, but we elevated the hand in five consecutive days. Maybe frequency of elevation could have a significant effect. We could not find a study evaluating the effects of elevating edematous limbs simultaneously on edema and CVP. Maintaining effective intravenous volume with the least amount of edema (to prevent complications such as compartment syndrome and intensification of ARDS) is of great importance in ICU patients. According to our results, it could be possible to prevent frequent infusion of intravenous fluid to maintain the effective circulating volume, by limbs elevation and returning the excessive interstitium fluid volume to the blood circulation. Based on the results of the present study, there was a meaningful association between gender and decrease of edema; decrease of edema was more in women than men. Moreover, our study indicated a significant association between decrease of wrist edema and GCS; higher GCS was related to more reducing wrist edema. the point is that the kinetic responses, are one of the main factors for evaluating the GCS and with increasing the amount of activity, they gain higher scores in this mode, so this relationship association seems to be logical; but no similar study was found to compare the association between decrease of limb edema and patients' GCS and gender. Accordingly, more extensive studies are needed to verify our findings. Elevating the upper limb is an effective method to reduce patients' hand edema increasing the effective intravascular volume. Most patients admitted to ICU have edema due to low level of consciousness and lack of movement. Therefore, we recommend limbs elevation in ICU patients with edema, because it is an effective, easy and inexpensive method.
